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Description 
Technical field 

[0001] The present invention relates to ultrasensitive 5 
immunoassays. 

More specifically, it relates to immunological test kits 
and processes for immunological detection of a specific 
antigen. In the present invention, the fields of immunol- 
ogy and molecular genetics are combined. 

Background of the invention 

[0002] Immunoassays represent powerful tools to 
identify a very wide range of compounds, such as anti- 
gens and antibodies. Examples of immunoassays are 
ELISA (enzyme linked immunosorbent assay), EIA (en- 
zyme immunoassay), and RIA (radio immunoassay). 
Common to all these immunoassays, is that detection 
sensitivity is limited by the affinity of typical antibodies. 
[0003] With the prior art immunoassays, detection is 
not possible below a certain number of molecules, be- 
cause the background, i.e. unspecifically bound materi- 
al, interferes with the results. Detection of very low num- 
bers of antigen is becoming increasingly important, es- 
pecially for diagnostic applications. Therefore, further 
developments in sensitivity as well as specificity of im- 
munological assays are desired. 

[0004] Cantor et al, Science, Vol. 258, 2 Oct. 1992, 
have previously reported the attachment of oligonucle- 
otides to antibodies in order to permit detection of such 
antibodies having bound antigen in immune reactions. 
A streptavidin-protein A chimera that posseses tight and 
specific binding affinity for both biotin and immunoglob- 
ulin G was used to attach biotinylated DNA specifically 
to antigen-monoclonal antibody complexes that had 
been immobilized on microtiter plate wells. Then, a seg- 
ment of the attached DNA was amplified by PCR 
(Polymerase Chain Reaction). Analysis of the PCR 
products by agarose gel electrophoresis after staining 
with ethidium bromide allowed detection of 580 antigen 
molecules (9,6 x 10 -22 moles) which is a significant im- 
provement compared to, for example, conventional ELI- 
SA. 

[0005] However, in Cantor et al., the labeled DNA-an- 
tibody complexes are assembled in situ during the as- 
say. This can create variable stoichiometry in the as- 
sembly of the components and in the attachment of the 
DNA label. Moreover, extra steps are required for addi- 
tion of biotinylated reagents and binding proteins. Nu- 
merous wash steps are also needed to remove excess 
reagents and to free assay components of non-specifi- 
cally bound reagents. 

[0006] Hendrickson et al., Nucleic Acids Research, 
1 995, Vol 23, No. 3, report an advancement of the Cantor 
et al. assay that reduces complexity. This is achieved 
through labeling antibody with DNA by direct covalent 
linkage of the DNA to the antibody. In this approach, the 
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analyte specific antibody and the 5' amino modified DNA 
oligonucleotide are independently activated by means 
of separate heterobifunctional cross-linking agents. The 
activated antibody and DNA label are then coupled in a 
single spontaneous reaction. 

[0007] International patent publication no. WO 
91/1 7442 describes a molecular probe for use as a sig- 
nal amplifier in immunoassays for detecting i.a. anti- 
gens. The probe comprises an antibody, a double 
stranded polynucleotide functioning as a promoter for a 
DNA dependend RNA polymerase, and a single or dou- 
ble stranded template for the promoter. The transcrip- 
tion product is quantified and correlated to the amount 
of present antigen in a sample. 

[0008] However, in all three of the above described 
immunoassays the attached DNA is only used as a 
marker by being amplified to detectable levels. There is 
no distinction between oligonucleotides attached to an- 
tibodies having bound antigen and oligonucleotides at- 
tached to antibodies not having bound antigen, i.e. 
those being non-specifically trapped. Non-specifically 
trapped antibodies give rise to an undesired background 
signal and limits the minimun number of antigen mole- 
cules that can be detected and it will not be possible to 
distinguish between false positive and true positive re- 
sults below a certain number of antigen molecules. 
Commonly, solid supports such as microtiter plates, are 
used for the reactions. According to prior art, there will 
always be an excess of oligonucleotide-labeled anti- 
body that cannot be removed from the solid support by 
adding background-lowering agents and by repeated 
wash steps. 

Summary of the invention 

[0009] The present invention enables detection of ex- 
tremely low numbers of antigenic molecules, even down 
to a single molecule. The invention provides reliable im- 
munoassays in situations where insufficient numbers of 
antigens are available for conventional assays. 
[0010] According to a first aspect of the invention, 
there is provided an immunological test kit comprising 
a first immobilized reagent having affinity for a specific 
macromolecule, such as a protein. Furthermore, the test 
kit comprises a second and a third affinity reagent spe- 
cific for different determinants of said macromolecule, 
and modified with crosslinkable compounds enabling a) 
conjugation of said second and third affinity reagent only 
when both are bound to the said, same macromolecule, 
and b) detection by amplification. 
[001 1 ] According to a preferred embodiment of the in- 
vention, the affinity reagents are antibodies and the 
crosslinkable compounds are oligonucleotide exten- 
sions attached to the second and third antibody, respec- 
tively. The macromolecule is in this case a specific an- 
tigen. 

[0012] According to a second aspect of the invention 
there is provided an immunoassay for detection of a 
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specific antigen, comprising the following steps: 

a) contacting a sample suspected of containing said 
specific antigen with a first antibody linked to a solid 
support, said first antibody being specific for a first 5 
epitope on the antigen, 

b) washing off excess reagents, 

c) incubating with a solution of a second and a third 
antibody specific for a second and third epitope of 
said antigen, and modified with crosslinkable oligo- 
nucleotides enabling conjugation of said second 
and third antibody when both are bound to the said, 
same antigen, 

d) washing off excess reagents, 

e) amplifying said crosslinked oligonucleotides, and 

f) detecting the amplified products. 

[0013] Products from the amplification reaction only 
result when two antibodies, i.e. the second and the third, 
have bound to the same antigen. Thus, amplification is 
specific for antibodies having bound to antigen. Non- 
specifically trapped antibodies do not give rise to any 
signal. 

Detailed description of the invention 

[0014] The present invention will be described more 
detailed below with reference to the accompanying 
drawings, in which 

Fig. 1 is a schematic view of the principles of the 
immunoassay according to the invention, and 

Fig. 2 shows chemical coupling of amino-modified 
oligonucleotides to macromolecules. 

[0015] In Fig. 1 there is shown an immobilized anti- 
body to a specific antigen applied together with two oth- 
er antibodies, specific for other determinants on the 
same antigen. Besides antibodies other specifically in- 
teracting species with a known affinity, such as lectins, 
receptors, single chain antibodies, cofactors, oligonu- 
cleotides and other non-proteins, can be used in the in- 
vention. 

[0016] The interacting species are modified with 
crosslinkable compounds in the form of an interacting 
pair, preferably short oligonucleotide extentions. Upon 
the coordinated binding of several so modified antibod- 
ies, oligonucleotides of neighbouring antibodies are 
conjugated to each other. The conjugation may or may 
not necessitate an enzymatic ligation step depending on 
the orientation of the oligonucleotide extensions. 
[0017] If the conjugation is between free 3' and 5' ends 
ligation is necessary, such as by T4 RNA ligase or T4 
DNAIigase. To facilitate the conjugation, it is convenient 
to use a stretch of oligonucleotides base pairing to and, 
thereby, juxtaposing the free ends of the oligonucle- 
otides and permitting their joining through ligation. 



[001 8] If the conjugation is between free 3' ends these 
have to be designed to be mutually complementary to 
achieve base pairing and initiation of DNA synthesis ex- 
tending the 3' ends of the the molecules. 
[001 9] Thus, only in those cases where the antibodies 
are brought close enough through binding to the same 
antigen molecule can the oligonucleotides be ligated. 
Ligated molecules subsequently serve as templates for 
nucleic acid amplification reactions. 
[0020] In Fig. 2, there is shown a suitable way to at- 
tach the oligonucleotide extension to the antibodies. 
First, the oligonucleotides are terminally amino-modi- 
fied and then attached to primary amines on the anti- 
bodies via disulphide bonds, e.g. according to the tech- 
nique of Chue and Orgel, Nucleic Acid Research, Vol. 
1 6, No. 9, 1 988. Another way is by direct covalent cou- 
pling as described by Hendrickson et el., supra. 
[0021] The antibodies used in the invention can be 
polyclonal, monoclonal or single chain antibodies pro- 
duced by bacteriophages. In the lattercase, it is possible 
to have antibodies equipped with an oligonucleotide 
binding part, rendering the above coupling step between 
antibody and oligonucleotide unnecessary. 
[0022] The amplification technique to obtain detecta- 
ble products is, for example, PCR (Polymerase Chain 
Reaction), LCR (Ligase Chain Reaction), SDA (Strand 
Displacement Amplification) bacteriophage Qp replica- 
tion, and 3SR (Self-Sustained Synthetic Reaction), of 
which the latter three methods do not require tempera- 
ture cycling. 

[0023] The method for detecting amplified products 
can, for example, be direct incorporation of a label, such 
as radioisotopes, fluoro-chromes, and enzymes, into 
the amplified products with the use of label-conjugated 
primers or nucleotides. Preferably, the accumulation of 
amplified products is monitored via the fluorescence 
from intercalating dyes, such as propidium iodide, etid- 
ium bromide and SYBR™ green from Molecular Probes. 
[0024] The invention is not restricted to detection of 
any special kind of macromolecule, such as an antigen; 
the only criterion it has to fulfil is that it must be able to 
simultaneously bind three antibodies/affinity reagents. 
In the case where the affinity reagents are antibodies, 
the three antibodies are specific for different epitopes 
on the antigen. By biosensor analysis, it is possible to 
assure that the antibodies do not bind to overlapping 
epitopes on the antigen. 

[0025] Examples of macromolecules are human my- 
oglobin and human growth hormone. Ultrasensitive as- 
says for growth hormone will have significant value in 
clinical situations where hormone levels are undetecta- 
ble by prior art assays. 

[0026] The invention will now be described below in 
a non-limiting Example. 

EXAMPLE 

[0027] Immunoglobulins were modified in a reaction 
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with SPDP (3-(-pyridyldithio)propionic acid N-hydroxy- 
succinimide ester, from Pharmacia Biotech) according 
to the manufacturer's suggestions. Oligonucleotides 
were thiolated, either through the addition of a suitable 
phosphoramidite according to Connolly (Connolly BA, 
Nucl. Acid. Res. 1987 15:3131), or 3'aminomodified ol- 
igonucleotides were reacted with SPDP, followed by re- 
duction of the dithiopyridyl bond, using dithiothreitol. 
[0028] SPDP-modified antibodies were incubated 
with three equivalents of SH-containing oligonucle- 
otides at 4°C over night. The reaction mixture was sep- 
arated using a Zorbax HPLC gel filtration column. Re- 
sidual free antibody were removed from the isolated 
conjugate by ion exchange MonoQ FPLC separation. 
[0029] The two oligonucleotides used to conjugate 
the antibodies were Oligo 1 : 5Tr S C3-ATA GAC TGA 
GCG TGG ACA TTA ATA TGT ACG TAC GCT TAA TTG 
AGT 3' and Oligo 2: 5'P ATG TAC GAC CCG TAG ATA 
TTA TCA TAC TGG CAT GGG CAT GAT GAA CAT C- 
NHSPDP T3' 

[0030] The immune test was performed by first bind- 
ing 1u.g of biotinylated antibody (#1) to individual 
streptavi din -coated prongs on a manifold support. [Parik 
et al., Anal. Biochem; (1993) 211: 144-150B]. After 
washes using PBS (phosfhate buffered saline) with 
0.5% Tween 20, the prongs were lowered into solutions 
of antigen (myoglobin) at variable concentrations. After 
further washes, the supports with bound antigen were 
incubated in a solution of two oligonucleotide-conjugat- 
ed antibodies #2 and #3 at 5 ng each per reaction. The 
supports were washed, an oligonucleotide complemen- 
tary to the free ends of the antibody-conjugated oligo- 
nucleotides was added (4 pmol per reaction, 5'CTA 
CGG GTC GTA CAT ACT CAA TTA AGC GTA 3'), and 
the ends of oligonucleotides on nearby antibodies were 
joined covalently by ligation at 37°C for 30 min using 1 
U of T4 DNA ligase. The supports were then washed in 
a standard PCR buffer, and the supports were added as 
templates in a PCR mix, including two primers specific 
for sequences located at either side of the ligation junc- 
tion (5TTA ATG GCG AG 3') and Taq polymerase. After 
two cycles, the supports were removed and the ampli- 
fication was continued for 26 more cycles. Amplification 
products were examined by separation in an agarose 
gel and ethidium bromide staining. 



Claims 

1. An immunological test kit comprising a first immo- 
bilized reagent having affinity to a specific macro- 
molecule, characterized in a second and a third 
affinity reagent specific for different determinants of 
said macromolecule, and modified with crosslinka- 
ble oligonucleotides. 

2. An immunological test kit according to claim 1, 
characterized in that the affinity reagents are anti- 
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bodies, and that the macromolecule is a specific an- 
tigen. 

3. An immunological test kit according to claim 1, 
5 characterized in that the affinity reagents are 

lectins, receptors, single chain antibodies, cofac- 
tors and nucleic acids. 

4. An immunological test kit according to any one of 
10 the claims 1-3, characterized in that the oligonu- 
cleotides are complementary to each other. 

5. An immunological test kit according to any of the 
claims 1-4, characterized in that it further compris- 
es es a ligase. 

6. An immunoassay for detection of a specific antigen, 
characterized in: 

20 a) contacting a sample suspected of containing 

said specific antigen with a first antibody linked 
to a solid support, said first antibody being spe- 
cific for a first epitope on the antigen, 
b) washing off excess reagents, 
25 c) incubating with a solution of a second and a 

third antibody specific for a second and third 
epitope of said antigen, and modified with 
crosslinkable oligonucleotides enabling conju- 
gation of said second and third antibody when 
30 both are bound to the said, same antigen, 

d) washing off excess reagents, 

e) amplifying said crosslinked oligonucleotides, 
and 

f) detecting the amplified products. 

35 

7. An immunoassay according to claim 6, character- 
ized in that a ligase is added before step d). 

8. An immunoassay according to claim 6 or 7, char- 
40 acterized in that an oligonucleotide complementa- 
ry to the crosslinkable oligonucleotides is added be- 
fore step d). 



ler Testkit, der ein erstes immobili- 
iz mit Affinitat zu einem spezifischen 
umfaBt, gekennzeichnet durch ein 
rittes Affinitatsreagenz, die fur ver- 
schiedene Determinanten des Makromolekuls spe- 
zifisch sind und mit vernetzbaren Oligonukleotiden 
modifiziert sind. 

55 2. Immunologischer Testkit nach Anspruch 1, da- 
durch gekennzeichnet, daG die Affinitatsreagen- 
zien Antikorpersind und daG das Makromolekul ein 
spezifisches Antigen ist. 
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3. Immunologischer Testkit nach Anspruch 1, da- 
durch gekennzeichnet, daB die Affinitatsreagen- 
zien Lectine, Rezeptoren, Einzelketten antikorper, 
Cofaktoren und Nukleinsauren sind. 

5 

4. Immunologischer Testkit nach einem der Anspru- 
che 1 bis 3, dadurch gekennzeichnet, daB die Oli- 
gonukleotide zueinander komplementar sind. 

5. Immunologischer Testkit nach einem der Anspru- io 
che 1 bis 4, dadurch gekennzeichnet, daB er wei- 
terhin eine Ligase enthalt. 

6. Immunoassay fur den Nachweis eines spezifischen 
Antigens, gekennzeichnet durch: 15 

a) in Kontakt bringen einer Probe, die das spe- 
zifische Antigen enthalten soil, mit einem er- 
sten Antikorper, der an einen festen Trager ge- 
bunden ist, wobei der erste Antikorper fur ein 20 
erstes Epitop des Antigens spezifisch ist, 

b) Herauswaschen von uberschussigen Rea- 
genzien, 

c) Inkubieren mit einer Losung aus einem zwei- 
ten und einem dritten Antikorper, die fiir ein 25 
zweites und drittes Epitop des Antigens spezi- 
fisch sind und mit vernetzbaren Oligonukleoti- 
den modifiziert sind, wobei eine Konjugation 
des zweiten und dritten Antikorpers ermoglicht 
wird, wenn beide an das gleiche Antigen ge- so 
bunden sind, 

d) Herauswaschen von iiberflussigen Reagen- 
zien, 

e) Amplifizieren der vernetzten Oligonukleoti- 
de, und 35 

f) Nachweisen des amplifizierten Produkts. 

7. Immunoassay nach Anspruch 6, dadurch gekenn- 
zeichnet, daB vor Schritt d) eine Ligase hinzuge- 
geben wird. 40 

8. Immunoassay nach Anspruch 6 Oder 7, dadurch 
gekennzeichnet, daB ein Oligonukieotid, das kom- 
plementar zu den vernetzbaren Oligonukleotiden 
ist, vor Schritt d) hinzugegeben wird. 45 



Revendications 

1. Kit de test immunologique comprenant un premier 50 
reactif immobilise ay ant une affinity avec une 
macromoiecule specifique, caract6rise en ce qu'il 
comprend un second et un troisieme reactifs d'affi- 
nite specifiques pour differents determinants de la- 
dite macromol§cule, et modifies avec des oligonu- 55 
cleotides reticulables. 

2. kit de test immunologique selon la revendication 1 , 
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caracterisg en ce que les reactifs d' affinity sont des 
anti-corps, et que la macromolecule est un antigene 
specifique. 

3. kit de test immunologique selon la revendication 1 , 
caract§ris6 en ce que les reactifs d'affinit6 sont des 
lectines, recepteurs, anti-corps a chaTne unique, 
cofacteurs et acides nuclelques. 

4. kit de test immunologique selon Tune quelconque 
des revendications 1-3, caracteYis6 en ce que les 
oligonucleotides sont compl^mentaires les uns des 
autres. 

5. kit de test immunologique selon Tune des revendi- 
cations 1-4, caract6ris6 en ce qu'il comprend de 
plus une ligase. 

6. Essai Immunologique pour la detection d'un antige- 
ne specifique, caracteYise en ce qu'il met en 
oeuvre : 

a) le contact d'un echantillon suspects de con- 
tend ledit antigene specifique avec un premier 
anti-corps lie a un support solide, ledit premier 
anti-corps etant specifique pour un premier epi- 
tope sur I'antigene, 

b) reiimination par lavage des reactifs en ex- 
ces, 

c) I'incubation avec une solution d'un second et 
d'un troisieme anticorps specifique pour un se- 
cond et un troisieme epitopes dudit antigene, 
et modifiee avec des oligonucleotides reticula- 
bles permettant la conjugaison desdits second 
et troisieme anti-corps lorsque les deux sont 
lies au dit meme antigene, 

d) reiimination par lavage des reactifs en ex- 
ces, 

e) I'amplification desdits oligonucleotides reti- 
cules, et 

f) la detection des p rod u its amplifies. 

7. Essai immunologique selon la revendication 6, ca- 
racterise en ce qu'une ligase est ajoutee avant I'eta- 
pe d). 

8. Essai immunologique selon la revendication 6 ou 7, 
caracterise en ce qu'un oligonucleotide compie- 
mentaire des oligonucleotides reticulables est ajou- 
te avant I'etape d). 
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